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Forward Upgrade for pp/pA Physics

Vs (GeV)

Scientific Goals

Observable

Required

Luminosity Upgrade
2017 p'p @ 510 400 pb™* Senaitive to Sivers effect non-universality through TMDs Ayfory, W=, Z° DY Ay"": Postshower
12 weeks and Twist-3 T, (x.x) to FMS@STAR
Sensitive to sea quark Sivers or ETQS function
Evolition m TMD and Twast-3 formahism
Transversity, Collins FF, linearly pol. Ghuons, Ay #7200 gE®=) modula- None
Gluon Sivers in Twist-3 tions of h* in jets, Afyr 7+ for jets
Ay for J/% in UPC N
First look at GPD Eg , r Sh—
2023 p'p @ 200 300 pb™ subprocess dnving the large A, at igh xcand n \//4,\: for charged hadrons and flavor Yes
2z 8 weeks enhanced jets Forward instrum.
3 evolution of ETQS fct. Anfory None
o properties and nature of the diffractive exchange in Ay for diffractive events None
e ~ p+p collisions.
= | 2023 | p'Au@ 200 1.8 28" L, What is the nature of the imtial state and hadronization in / R, direct photons and DY Rptu(DY):-Yes
5 s nuclear collisions Forward instrum.
= [
E Q'b Nuclear dependence of TMDs and nFF A;!_rrl(m—%} modulations of A* in None
jets, miclear FF
*
L Q(L Clear signatures for Saturation \//Dmadmns v-jet, bijet, diffraction | Yl &s
20}? < | gAl @ 200 12.6 pb™ A-dependence of nPDF, \/ / R, direct photons and DY R, (DY): Yes
Q . 8 weeks i Forward instrum.
| \ A-dependence of TMDs and nFF A;’_;‘.(%“PM modulations of i* in None
= -
‘ jets, miclear FF
@ A-dependence for Saturation \/ /Sﬂ:adrons, y-jet, h-jet, diffraction . YFS
202X p'p @ 510 1.1f" TMD:s at low and lugh x "Ayrfor Collins observables, 1e. Yes
S 10 weeks \/ hadron in jet modulations at =1 | Forward instrum.
-2 and
- quanfitative compansons of the vahdity and the limts of mud-raprdity None
= = factorization and universality i lepton-proton and proton- observables as in 2017 run
= = proton collisions
~ 202X pp@ 510 11 f&" Ag(x) at small x / A;; for jets, di-jets, hiy-jets Yes
10 weeks \/ atn=1 Forward instrum.

Table 1-2: Summary of the Cold QCD physics program propsed in the years 2017 and 2023 and 1if an additional 500 GeV nm would become possible.
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Forward Upgrade for AA Physics

Physics Longitudinal Event
Measurements de-correlation e T _ Shape
C,(4n) n/s(T), Harmonics Ridge and
s(T) Jet-
Detectors Acceptance T (l2113) Comym,metn studies
Forward -25>n>-42Ey Good
Calorimeter (photons. hadrons) 1(1)0 ] One of
(FCS) One of these One of these to have these
detectors detectors detect
Forward 25>n>-42 necessary necessary etectors
. : needed
Tracking System | (charged particles) Important Important
FTS) v v

Table 2-1: Physics measurements in A+A collisions with the proposed forward upgrade and with other STAR
upgrades that are relevant to those measurements.

More details in tomorrow’s talk
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Forward Tracking Requirements

* pp/pA physics — forward
» charge separation for 1r*/11, di-hadron, Drell-Yan (q)
=» low mass, good ¢ resolution
» e/h discrimination for Drell-Yan (p/E)
=» good ¢ resolution
 ely discrimination for direct photon, Drell-Yan (hit veto)
=» low mass, high efficiency Good ¢ resolution
* Reconstruction of jets (p) Large n coverage

= large n coverage, good ¢ resolution High efficiency
. 9% 9 ¢ Low occupancy

_ Low mass

» Longitudinal fluctuation/even-shape engineering (p)
=» low occupancy, good ¢ resolution, large n coverage
« Long range correlation (p)
=» low occupancy, good ¢ resolution, large n coverage
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Location & Space Constraints
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Location & Space Constraints

9-27-13
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Particle Deflection in Magnetic Field
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Layout with uniform width in n
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Performance from Simulation

150_ Silicon strlp ¢ fac = 1. 0 _ . SI|ICO|n|StrIIL') Jol Ifalc =1.0 . ___Silicon strlp ¢ fac = 1 0 _Silicen strip, ¢ fac = 1.0
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Performance from Simulation
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Occupancy

-« 0-69% AUu+AU 200 GeV o25-359; -

-0 8-15% 0 35-45% -
| n 15:25% - yeetoon ougnyeret®e,, O 45550, | Assume total track=2*primary tracks:
&

Occupancy < 5% (inner R)
10% (outer R)

in 0-3% Au+Au collisions at 200 GeV
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Silicon Sensors

Read-out Pads

IBias Ringl I Guard RingI

Bias PAD

» Single-sided double-metal silicon ministrip sensors
» 8x128 strips per sensor, read out from the outer radius
* R&D needed to validate and optimize sensor design

Z.Ye, 3/9/2017



Front-end Readout ASIC — APV25
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« 128 channels per chip, used successfully for STAR IST
« 1200 probe-tested chips in hand
* No R&D needed
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DAQ System

Slow Controls

IaqTa

Readout Crates

DAQ Server .
2]

ll.
l---l_ 120 feet Wiener MPOD Crate

Cooling System

ARC
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T 1. .. B
o —-12 APV Readout Modules

o ——
l———l_iiiiggi‘ — 2 APV Readout Controllers
I I — 3 ISEG 8ch Bias Supplies

Inside STAR TPC
East STAR TPC Wheel

Middle Support Cylindeh SR P,

v
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. IST DAQ system with firmware modifications can easily handle 5 kHz Z.Ye, 3/9/2017



Cooling System

Non-ionization radiation: < 1x10%3 [1 MeV neutron/cm?]
16 Canuse IST cooling system with liquid cooling in room temperature 7 v, 3/9/2017



Cost Estimation

Labor and contingency included:

WBS WBS Description Base Cost Contingency
Number FTS (6-disk)
v.1.1 Electronics $1.100.000 $330.000 (30%)
v.1.2 Mechanics $1.100.000 $495.000 (45%)
v.13 Assembly and Testing $560.000 $196.000 (35%)
v.14 Integration $450.000 $225.000 (50%)
Base Cost $3.210.000
Contingency $1.246.000
Total Cost $4.456.000 — $4,036,000 *
WBS WBS Description Base Cost Contingency
Number FTS (3-disk)
v.1.1 Electronics $700.000 $210.000 (30%)
v.1.2 Mechanics $740.000 $333.000 (45%)
v.1.3 Assembly and Testing $400.000 $140.000 (35%)
v.14 Integration $450.000 $225.000 (50%)
Base Cost $2.290.000
Contingency $908.000
Total Cost $3.198.000 - $2,898,000 *

* Cost if re-using IST DAQ and cooling systems

17 Z.Ye, 3/9/2017



Summary

« A Silicon-based detector can satisfy the needed forward
tracking requirements for pp/pA and AA physics programs

« A cost-effective path using APV25 for readout
* Reuse the existing IST DAQ and cooling
* Mechanical engineering needed for supporting structure
* R&D needed for sensor design validation and optimization

« Other option under exploration
« CBM STS (space, radiation, schedule)

18 Z.Ye, 3/9/2017
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&7 Requirements (2) SR

LHCb VELO Detector

* Trigger (see talk by Niels Tuning) R-measuring sensor
— FAST 2D (rz) and 3D (rzq)) e z;.?':ia'ﬁ:—ﬁjoumnmelpmch 92pm outer pifch
standalone tracking for L1 Trigger: o 1 \«w /. |
Choose R® geometry! G ’
— Rejection of multiple interactions ® DI - 0
* Baseline Sensor Design .
«Sensors: 7mm>R>44mm S =
(Active area 8mm to 43mm) et
*182° angular coverage e M
| 182 degrens)
. R sensors s:?"’ ¢ /,
Inner strips

— Pitch 40pum to 92um
— 459 inner, 90° outer sections

o ¢) Sensors
— Pitch 37um to 40um and 40um to i
98um

— Double stereo angle
01/11/2002 Vertex 2002 Workshop 5

40pm pitch

1366 outer strips

98 um outer pitch

¢-measuring sensor



£k s Requirements (2) s

° Trigger (see talk by Niels Tuning) LHCbRXEI;ﬁgD::SeorCtor

— FAST 2D (rz) and 3D (rz¢) e ImRe  emimyes 92pm oute i

——— 1
1

L

98um | - v

-measuring sensor
— Double stereo angle ¢ 9

01/11/2002 Vertex 2002 Workshop 5



Sensor Simulation

ATLAS SSD Simulation
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Good DC behavior, full depletion voltage ~ 100 V
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Sensor Simulation
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Silicon Sensor R&D

Schedule

* Finalize sensor wafer layout and place order — Winter 2017
« Sensor QA test — Spring 2018

* Prototype assembly ~ Summer 2018

* Prototype full performance test ~ Fall 2018

Deliverable

* Proof-of-principle and optimized sensor design
 Full detector system design by the end of year 2018

26 Z.Ye, 3/9/2017






Disk Detectors

F-Wedge Detectors (144)

*8+6 chip readout

26 cm<r<10cm

*Double sided wedges with +15°
*50 um (p-side), 62.5 um (n-side)
*Variable strip length

.
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o
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E :
:
n
]
§ W
B
:
| “w
»

D0 SMT

H-Wedge Detectors (384)

*6+6 chip readout

*9.6 cm<r<23.6 cm

*Single sided glued back-to-back with +7.50
*40 um (p-side) strip pitch

*80 um readout pitch

*Variable strip length

Cecilia Gerber, Fermilab



D0 SMT Lines of microbonding:

from the outer detector

Outer detector {o the adapter and from the

SVX2E chip adapter to the
SVX2E-chip inputs
Adapter
Connector Top Be plate
at the tail of the

flexible

printed-circuit Be substrate

\ Inner detector
Flexible printed-circuit

Line of microbonding
from the outer detector
to the inner detector



